Background/Aims: In recent years, a traditional Chinese medicine named Huang Qi Huai (HQH) has been frequently used in China for solid tumor therapy. However, the role of HQH on leukemia cells and its underlying mechanisms have not been elucidated. In this study, we investigated the effect of HQH on the proliferation and apoptosis of acute lymphoblastic leukemia (ALL) cell lines. Methods: Sup-B15 and Nalm-6 cells were treated with gradient doses of HQH for 24, 48 or 72 h. Cell viability was measured using a CCK8 assay and cell cycle distribution and apoptosis levels were analyzed using flow cytometry. Western blotting was used to assess the levels of proteins associated with the apoptotic pathway. Results: The results revealed that cell survival decreased significantly with increasing concentrations of HQH. HQH induced G2 cell-cycle arrest and cell apoptosis in a dose-dependent manner. HQH inhibited phosphorylated-Akt, phosphorylated-FoxO1 and Bcl2 expression and upregulated Bim, cleaved-caspase-3 and Bax expression in a dose-dependent manner, which suggests that HQH induces the apoptosis of ALL cells via the Akt/FoxO1 pathway. Conclusion: HQH is a potential complementary agent for the treatment of acute lymphoblastic leukemia.
Introduction
Acute lymphoblastic leukemia (ALL) is a malignant disorder of lymphoid progenitor cells, which accounts for one third of all childhood malignancies. The majority of children diagnosed with leukemia fall into the precursor-B subtypes [1] [2] [3] . Improvements in treatment protocols, including an intensive induction course and prolonged maintenance therapy, have increased the cure rates from 15% to 75 -80%. However, up to 20% of pediatric patients suffer from a recurrence worldwide [4] . Drug resistance remains a major contributor to treatment failure in relapsed ALL [5] . It is therefore necessary to develop new drugs that can reverse chemotherapy drug resistance or enhance the sensitivity to chemotherapy.
In recent years, many Chinese herbs have gradually been identified as potential sources of antitumor drugs for its role in killing tumor cells less intensively and more naturally [6] [7] [8] . Huang Qi Huai (HQH) granules, with the brand name Huan Er Jin is primarily composed of trametes robiniophila murr (Huaier), Chinese wolfberry fruit and polygonatum. Huaier, which is rich in polysaccharides, has been applied in traditional Chinese medicine for approximately 1600 years [9] . Pharmacological studies suggest that trametes robiniophila murr is a biological response modifier and can stimulate many elements of the immune system to enhance immunity. It also has anti-inflammatory and anti-allergic effects and improves microcirculation and promotes tissue repair [10] [11] [12] . However, it has been used as a complementary therapy only in recent decades. Previous studies revealed that Huaier extract induces apoptosis in a number of solid tumor cells, such as pulmonary cancer, hepatocellular carcinoma, gastric cancer, cholangiocarcinoma, breast cancer, melanoma, colorectal cancer and ovarian cancer [11, [13] [14] [15] [16] [17] [18] [19] . However, the effects of HQH granules on leukemia cells are largely unknown.
The Akt kinase regulates processes of cellular proliferation and survival and is activated by growth factors, hormones, and chemical drugs [20] . The forkhead transcription factor family, FoxO (forkhead box, O class), including FoxO1, 3, 4, and 6, are downstream targets of Akt. Akt kinases phosphorylate FoxO proteins and reduce their transcriptional activity by promoting their redistribution to the cytoplasm [21] . FoxO1 transcription factors play an important role in apoptosis and cell survival in various cell types [22] . The Akt/FoxO1 signaling pathway plays a vital role in resistance to chemotherapy because it is associated with cell proliferation, movement, apoptosis and angiogenesis [23] . In this study, we investigated the anti-proliferative and apoptosis-promoting effects of HQH granules on leukemia cell line cultures from relapse patients and identified the underlying mechanisms of its effects.
Materials and Methods

Preparation of HQH ointment
The electuary HQH ointment was provided by Qidong Gaitianli Medicine Co.,Ltd. (Qidong,Jiangsu,China). In total, 2 g of the electuary ointment was dissolved in 20 ml complete medium and sterilised with a 0.22 µm filter to obtain a 100 mg/ml stock solution,which was subsequently stored at -20˚C.
Cell culture
The Nalm-6 and Sup-B15 human B-cell precursor leukemia cell lines were purchased from the American Type Culture Collection (ATCC) (Rockville, MD, USA). The two cell lines were cultured in RPMI-1640 medium supplemented with 10% fetal bovine serum (FBS), 100 U/ml penicillin and 100 µg/ml streptomycin and stored at 37°C in a 5% CO 2 atmosphere. The cells were subcultured every 2 days.
Cell viability assay
The effect of HQH on Nalm-6 and Sup-B15 leukemia cell proliferation was assessed using CCK8 (Dojindo, Kumamoto, Japan). Exponentially growing cells were seeded into 96-well plates at 3 × 10 3 cells/ well (five wells per group). After incubation for 4 h, different concentrations of HQH (0.1, 1, 5, 10 and 25 mg/ ml) were added to the wells and incubated for 24, 48 or 72 h. A volume of 10 μL CCK8 was added to the cells. The cells were incubated for 4 h at 37°C and the WST-8 formazan product was measured at 490 nm using a microplate reader (Tecan Sunrise, Switzerland). The viability ratio was calculated according to the following formula: the viability ratio = [(the absorbance of experimental group−the absorbance of blank group)/(the absorbance of untreated group − the absorbance of blank group)] × 100%.
Analysis of apoptosis
This assay was performed to detect cell apoptosis with an AnnexinV-PE Apoptosis Detection Kit (BD Biosciences, Franklin Lakes, NJ, USA). A total of 1 × 10 5 cells/well was seeded in six-well plates. The cells were incubated with HQH (0.1, 1, 5, 10, and 25 mg/ml) or in HQH-free medium as a control. After 24 h of incubation, the cells were collected using gentle agitation and washed twice with cold phosphate-buffered saline (PBS). The cells were resuspended in 100 µl 1× binding buffer at a density of 1 × 10 6 cells/100 µl. Then, 6 µg/ml PE Annexin V and 50 µg/ml 7-AAD were added, and the cells were gently vortexed. The cells were then incubated for 15 min at room temperature in the dark. Finally, 400 µl of binding buffer was added to each reaction tube before the cells were analysed. In total, 10,000 events were analysed using a FACScan™ flow cytometer (BD Biosciences, Franklin Lakes, NJ, USA). The apoptosis rate was determined using a FACSCaliber flow cytometer (BD Biosciences, Franklin Lakes, NJ, USA).
Cell cycle analysis
In total, 1 × 10 6 cells/well was seeded into six-well plates. The cells were treated with HQH at concentrations of 0, 1, 5, and 10 mg/ml. Each concentration was used in three parallel control wells. After 24 h of incubation, the cells were collected and washed with PBS and then fixed with ice-cold 70% ethanol overnight at 4°C. The next day, the fixed cells were centrifuged at 2000 rpm for 5 min and washed once with PBS. Next, the cells were resuspended in 0.6 mg/ml RNase A for 30 min at 37°C and then incubated with 50 µg/ml propidium iodide for 30 min in the dark according to the manufacturer's instructions included with the Cell Cycle Detection Kit (KeyGEN, Nanjing, China). Then, the DNA contents of the cells were analysed in a FACScan flow cytometer (BD Biosciences, Franklin Lakes, NJ, USA). At least 10,000 cells were collected for each measurement, and the data were analysed using the ModFit software obtained from CellQuest (BD Biosciences, Franklin Lakes, NJ, USA).
Western blot analysis
The cells were plated at a density of 2 × 10 6 per well and collected after the indicated treatment. The cells were lysed in lysis buffer (Beyotime Biotechnology, Shanghai, China) following the instructions from the manufacturer. Using 10% SDS-PAGE, equal quantities of protein (30 µg per lane) were separated and transferred to polyvinylidene membranes (Millipore, Billerica, MA, USA). After blocking the membranes, primary antibodies associated with the Akt/FoxO1 signaling pathway were added and the membranes were incubated overnight at 4°C, followed by labelling with the appropriate secondary antibodies conjugated with horseradish peroxidase (1:5,000) purchased from Wuhan GuGe Technology Co., Ltd. (Wuhan, China). Immunoreactive bands were visualised using the ECL detection system (Pierce, Rockford, IL, USA). β-actin was used as the loading control. The primary antibodies used were monoclonal anti-Akt (4691p) (antirabbit, 1:1000 in WB, CST, USA), monoclonal anti-phospho-Akt(Ser457) (4060p) (anti-rabbit, 1:2000 in WB, CST, USA), monoclonal anti-FoXO1 (2880p) (anti-rabbit, 1:1000 in WB, CST, USA), polyclonal anti-phosphoFoxO1 (Ser256) (9461p) (anti-rabbit, 1:1000 in WB, CST, USA), polyclonal anti-Bim (ab7888) (anti-rabbit, 1:1000 in WB, Abcam, USA), monoclonal anti-caspase-3 (8917SF) (anti-rabbit, 1:1000 in WB, CST, USA), polyclonal anti-Bax (2772S) (anti-rabbit, 1:1000 in WB, CST, USA), polyclonal anti-Bcl-2 (2876S) (antirabbit, 1:1000 in WB, CST, USA) and monoclonal anti-β-actin (A01011) (anti-mouse, 1:1000 in WB, Abbkine, USA).
Statistical analysis
Data are expressed as the mean ± standard deviation. Statistical analyses were performed using SPSS 21.0 software (SPSS, Inc, Chicago, IL, USA). The one-tailed Student's t-test was used to analyse differences in the drug response between groups, and data were collected from three different experiments. P < 0.05 was considered statistically significant.
Results
HQH granules inhibit cell proliferative viability
To evaluate the proliferative effect of HQH in leukemia cells, cell viability was measured using the CCK8 assay following treatment with various concentrations of HQH ointment. As shown in Fig. 1 , HQH granules significantly suppressed the cell viability of both Nalm-6 and Sup-B15 cells in a dose-and time-dependent manner, and the IC50 was 3.7 mg/ml for Nalm-6 cells and 5.2 mg/ml for Sup-B15 cells. The results indicate that HQH has an antiproliferative effect against pre-B leukemia cells (Fig. 1) . investigate the mechanisms by which HQH induces apoptosis, the expression of Bax, Bcl-2 and caspase-3 was measured using western blotting. The results indicate that HQH inhibits Bcl-2 expression and upregulates Bax and cleaved-caspase-3 expression in a dose-dependent manner (Fig. 4) . 
HQH granules induce cell cycle arrest
To determine whether the inhibition induced by HQH was a result of cell-cycle arrest, the distribution of Nalm-6 and Sup-B15 cells across the cell cycle was analysed using flow cytometry. Prior to analysis, the cells were exposed to HQH for 24 h at concentrations of 1, 5 and 10 mg/ml. Compared to the untreated cells, an increased proportion of HQHtreated Nalm-6 and Sup-B15 cells was in the G2/M phase, indicating cell-cycle arrest (P < 0.05). Furthermore, the number of cells in the G2/M phase in the HQH-treated groups was significantly increased in a dose-dependent manner compared to the control group. These results indicate that the inhibitory effect of HQH on Nalm-6 and Sup-B15 cell proliferation occurs via cell-cycle arrest at the G2/M phase (Fig. 5) .
HQH regulates proteins associated with the Akt/FoxO1 signaling pathway
To investigate the mechanism by which HQH affects cellular apoptosis and cell-cycle arrest, the expression of proteins associated with the Akt/FoxO1 signaling pathway was analysed using western blotting. For both the Sup-B15 and Nalm-6 cells treated with HQH, the phosphorylation of Akt and FoxO1 decreased and Bim increased in a dose-dependent manner (P < 0.05) (Fig. 6) .
HQH granules induce apoptosis of ALL cells via Akt/FoxO1 pathway
To show that HQH induces apoptosis of ALL cells through the Akt/FoxO1 pathway, we continued the pharmacological approach to test whether the Akt kinase mediates the stimulation of FoxO1 by HQH and we analysed the influence of blocking the Akt/FoxO1 signaling pathway using the Akt inhibitor MK2206 and the FoxO1 inhibitor AS1842856 for 60 min before HQH stimulation. After 72 h, cells were analysed by western blot. Treatment with either HQH (1 mg/mL) or 1 µM MK2206 or 1 µM AS1842856 reduced p-Akt and p-FoxO1 protein levels and increased Bim expression in Nalm-6 and Sup-B15 cells (p < 0.05) and combination treatment significantly reduced p-Akt and p-FoxO1 protein levels (p <0.05) (Fig. 7 and 8 ). These data suggest that HQH suppresses the expression of p-Akt and p-FoxO1 through the downregulation of Akt/FoxO1 signalling in Nalm-6 and Sup-B15 cells.
Fig. 6. Effect of Huang Qi
Huai granules on the protein expression of Akt, p-Akt, FoxO1, p-FoxO1, and Bim in Nalm-6 and Sup-B15 cells. The expression of β-actin was used as an internal control. The Nalm-6 and Sup-B15 cells were treated with 0, 1, 5 and 10 mg/ml HQH granules for 24 h and (A) (C) western blotting was used to analyze the protein expression. (B) (D) Quantification of all samples by scanning densitometry. The experiment was performed in triplicate, and the data are expressed as the mean ± standard deviation of the three separate experiments. * p <0.05 compared to the control. p-, phosphorylated-.
Discussion
ALL is the major type of neoplasia among children. Despite the tremendous success of current treatment strategies, drug resistance remains a major cause of chemotherapy failure and relapse in pediatric patients [24] [25] [26] . The development of safe and effective drugs to inhibit cancer cell proliferation is therefore an area of particular interest. Recently, traditional Chinese medicine (TCM) has become a rich source for finding new drugs, and increasing TCMs have been shown to induce apoptosis [27] .
Trametes robiniophila murr (Huaier), the main ingredient of HQH, inhibits the proliferation of various types of solid tumor cells [11, [13] [14] [15] [16] [17] [18] [19] . However, the anti-proliferative and apoptosis-promoting effects of HQH granules on leukemia cells are not clear. In the present study, we selected the acute lymphoblastic leukaemia cell lines Sup-B15 and Nalm-6, both of which were isolated from the bone marrow of patients with relapsed ALL. Sup-B15 cells are positive for BCR/ABL and Ikaros 6. Using a CCK-8 assay, we found that HQH significantly attenuates the proliferation of Nalm-6 and Sup-B15 cells in a time-and dose-dependent manner. This effect was more pronounced in Sup-B15 cells. 
Cellular Physiology and Biochemistry
To our knowledge, the inhibition of cell proliferation is involved with apoptosis and the block of cell cycle progression [28] [29] [30] . Then, we revealed that HQH induces the apoptosis of Nalm-6 and Sup-B15 cells by inducing cell cycle arrest at the G2 phase. This result is consistent with that of a previous study. Xie HX et al. and Zhang F et al. reported that Huaier induced cell cycle arrest at the G2 phase in the gastric cancer MKN45 and SGC7901 cells and melanoma A875 cell line [15, 17] . Wang X et al. and Zhang N et al. reported that cellcycle arrest occurs in breast cancer MCF-7 and MDA-MB-231 cells and human umbilical vein endothelial cells in the G0/G1 phase [16, 31] . Zhang C found that Huaier extract induces hepatocellular carcinoma cell HepG2 and Bel-7402 arrest in S phase [32] . In conclusion, Huaier extract causes cell apoptosis and induces cancer cell arrest in different phases.
To further investigate the mechanism of HQH induced-apoptosis, we measured the expression of a number of common markers, such as Bax, Bcl-2 and cleaved-caspase-3. Bcl-2, an anti-apoptotic factor, decreases the expression of the pro-apoptotic factor, Bax. Bax, a pro-apoptotic member of the Bcl-2 family, combines with Bcl-2 to form a dipolymer, which ultimately inactivates the Bcl-2 gene [33, 34] . This inactivation increases the expression of cleaved caspase-3, which subsequently promotes cellular apoptosis [35, 36] . In the present study, the expression of Bcl-2 was significantly lower in the HQH-treated groups compared to the control. By contrast, the expression of Bax and cleaved caspase-3 was significantly higher. Wu T et al. reported that Huaier extract caused apoptosis in lung cancer cells via upregulation of miR-26b-5p, which mediated the repression of EZH2, b-catenin and Bcl-2 [13] . Huaier extract also induced HepG2 cell apoptosis via the increased expression of p53 and the modulation of Bcl-2/Bax protein expression [37] . These findings indicate that HQH induces apoptosis in cancer cells, partly through the mitochondrial pathway.
In addition to the mitochondrial pathway, there are numerous signalling pathways involved in HQH-induced apoptosis. Akt plays vital roles in these signalling pathways to regulate various cellular functions, including cell growth, survival and apoptosis [38] . FoxO1, a downstream effector of Akt, plays key roles in the regulation of diverse cellular processes, including cell proliferation, differentiation, cell cycle progression and apoptosis [39, 40] . The activated Akt/FoxO1 pathway plays a central role in leukemia cell proliferation and cell cycle progression [41] . Because there are no studies of the relationship between HQH-induced apoptosis and Akt/FoxO1 pathways, we investigated the expression of proteins associated with the Akt/FoxO1 pathway in Nalm-6 and Sup-B15 cells. The results showed that HQH significantly downregulates p-Akt and p-FoxO1 in a dose-dependent manner.
In summary, HQH granules not only inhibited the cellular proliferation of ALL cell lines by regulating the Akt/FoxO1 signalling pathway but also induced cell arrest at the G 2 M/ phase. This study provides a clearer understanding of the mechanism of HQH-induced acute lymphoblastic leukaemia cell apoptosis and provides a theoretical basis for the antitumour effects of HQH.
